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Summary

Intra-operative aerosol generating procedures are arguably unavoidable in the routine
provision of thoracic anaesthesia. Airway management for such patients during the COVID-
19 pandemic including tracheal intubation, lung isolation, one-lung ventilation and flexible
bronchoscopy may pose a significant risk to healthcare professionals and patients. That said,
there remains a need for timely thoracic surgery during the pandemic for patients with lung
cancer or thoracic trauma. The thoracic anaesthetic community have been confronted with
the need to modify existing techniques to maximise safety for both patients and healthcare
professionals. With appropriate modification, aerosol generation may be mitigated against
in most circumstances. We developed a set of practice-based recommendations for airway
management in thoracic surgical patients, which have been endorsed by the Association for
Cardiothoracic Anaesthesia and Critical Care (ACTACC) and the Society for Cardiothoracic
Surgery in Great Britain and Ireland (SCTS).



Introduction

Lung isolation and one-lung ventilation are fundamental to modern thoracic surgical and
anaesthetic practice [1,2]. The need for timely lung resection surgery for patients with lung
cancer continues throughout the COVID-19 pandemic. There is, however, a higher exposure
risk for thoracic surgical procedures due to the need to perform frequent intra-operative
aerosol generating procedures [3,4,5].

We aimed to develop clinical practice recommendations from a consensus of expert opinion
on an approach to lung isolation that minimises the risk to healthcare professionals whilst
continuing to provide effective operating conditions. It was not our aim to address personal
protective equipment during these procedures, and clinicians should follow the latest
national guidance [4]. We hope this guidance, that has been endorsed by the Association for
Cardiothoracic Anaesthesia and Critical Care (ACTACC) and the Society for Cardiothoracic
Surgery in Great Britain and Ireland (SCTS), can be readily integrated into clinical practice for
all patients requiring thoracic surgery and lung isolation during the COVID-19 pandemic.

Recommendations

1. Efforts should be made to minimise the number of staff present in theatre for aerosol
generating procedures.

2. Pre-oxygenation to achieve an end-tidal expired oxygen concentration of > 90% should
be undertaken prior to all airway interventions.

3. Allairway interventions should be carried out after ensuring adequate neuromuscular
blockade, as assessed with a peripheral nerve stimulator.

4. Positive pressure within the breathing circuit should be released by opening the
adjustable pressure-limiting valve and discontinuing positive pressure ventilation during
all airway interventions.

5. The risk of aerosol generation when opening a double-lumen tube to the atmosphere
can be mitigated against by using appropriately placed high efficiency particulate air
(HEPA) viral filter and clamps.

6. The double-lumen tube should only be open to the atmosphere after allowing release of
positive pressure within the lung through a HEPA viral filter.

7. Reusable flexible bronschoscopes can pose a significant contamination and cross-
infection risk. They should be stored in a designated area during the operative case.
Following use, the outer set of gloves worn by the practitioner should be disposed of
and hand hygiene performed.

The COVID-19 pandemic

Severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) is the third novel zoonotic
transmission of a coronavirus in the 21% century to cause severe respiratory disease [6,7].
The main routes of infection appear to be from contact and droplet spread [8,9]. In the
healthcare setting, it can also spread as an aerosol following an aerosol generating
procedures [3,8] Aerosol generation results from instrumentation of the respiratory tract,
and SARS-COV-2 appears in high concentrations in bronchoalveolar lavage fluid specimens
and the sputum of infected individuals [3]. Whilst the highest viral loads are encountered
shortly after symptom onset, high viral loads are found in the sputum of patients who are in
the asymptomatic phase of their illness, highlighting the potential for transmission early in
the disease course [10]. There are suggestions of increased severity of illness in those
exposed to high viral loads and consequently, AGPs are a concern for those involved with
airway management [5,6].



During the COVID-19 pandemic, there will be an ongoing requirement for thoracic cancer
and trauma surgery [11]. Guidelines exist for the peri-operative management and
conventional tracheal intubation of patients in the context of COVID-19 [5,12]. There are
nevertheless special circumstances to consider in the context of lung isolation, which
requires continuous attention to minimise the risk of aerosol generation [5]. Aerosol
generating procedures encountered routinely in thoracic anaesthesia include: bag-valve-
mask ventilation; tracheal intubation and tracheal tube repositioning; bronchoscopy; one-
lung ventilation; suction clearance of secretions; and the management of hypoxia during
one-lung ventilation.

Thoracic surgery during the COVID-19 pandemic

In its simplest form, lung isolation is the ventilation of the dependent lung whilst allowing
the passive collapse of the non-dependent lung [1]. The primary indication is to facilitate
surgical access [1]. It is a skilled and technical task that puts healthcare professionals at risk,
as many of the steps involved in achieving and troubleshooting lung isolation generate
aerosols [4,13]. Lung isolation can be provided by utilising a single lumen tracheal tube
alone, a single lumen tracheal tube and bronchial blocker or more commonly with a double
lumen tracheal tube. In terms of aerosol generation and safety, there are advantages and
disadvantages of each technique (Table 1).

During the COVID-19 pandemic, lung isolation is likely to present additional technical and
non-technical challenges. Psychological concerns about infection, personal protective
equipment and minimisation of aerosol generating procedures add to the difficulty of
tracheal intubation and lung isolation [14]. It would be prudent, therefore, for anaesthetists
to use the techniques that are most familiar to them. Special consideration should
nevertheless be given to intubated patients transferred to theatre for surgery where a single
lumen tube is already sited, and similarly patients who will require postoperative mechanical
ventilation in the critical care setting. Such surgical patients may require a high fraction of
inspired oxygen and have low lung compliance. Tracheal tube exchange carries a significant
risk of aerosol generation and clinical deterioration, and the use of a single lumen tracheal
tube with or without a bronchial blocker to achieve lung isolation may be the best option
[15].

Most lung isolation thoracic surgical cases in the UK are conducted with a double lumen
endobronchial tubes, and these clinical practice recommendations focus on the associated
techniques [16]. That said, these principles can be adapted for use with the other methods
of lung isolation.

Tracheal intubation

General principles from recently published consensus guidelines on managing the airway of
patients with COVID-19 can be applied in the thoracic surgical population [5]. That said,
some modifications are required for the provision of lung isolation and one-lung isolation.
We recommend that the number of individuals present in theatre during intubation should
be minimised, and include as a minimum: the anaesthetist; the airway assistant; and a
theatre assistant. The most experienced operator should plan and perform tracheal
intubation, and the airway plan should be discussed at the team brief. Equipment available
should include: laryngoscope(s); bougie(s); an appropriately sized single and double lumen
tube, together with alternative sizes available from clean areas; two clamps; an additional
high efficiency particulate air viral filter (HEPA viral filter); and a stethoscope.



Viral and bacterial filters may be utilised to reduce the transmission of microbes between
patients by preventing colonisation of ventilators and breathing circuits [17,18]. They are
frequently encountered as a combined device with heat and moisture exchangers
[19,20,21]. The filter consists of fibres on a rigid frame, which is pleated to reduce airflow
resistance [20]. They provide filtration of particles greater than 0.3 micrometres by inertial
impaction and interception. Particles less than 0.3 micrometres are captured by Brownian
motion [20]. High efficiency particulate air filters have a set standard with at least 99.97% of
particles of 0.3 micrometres absorbed [20] This standard is based on the approximate size of
a viral particle suspended in a droplet [22]. Currently there is no data confirming these filters
capture SARS-CoV-2 specifically, although they have been demonstrated to effectively filter
other viruses of equivalent size. [17,18,20,22,23]

The patient should be adequately pre-oxygenated for three minutes or until the end tidal
oxygen fraction is greater than 0.9. The aim is to achieve sufficient apnoeic time to allow
safe intubation without need for bag-valve-mask ventilation. [5,12] The anaesthetic
technique should be a modified rapid sequence intubation using high dose rocuronium [5].
Face mask ventilation should be avoided where possible, and a two-person technique should
be used where necessary. Tracheal intubation should be followed immediately by cuff
inflation, circuit connection and ventilation of both lungs [5]

Routine confirmation of positioning of double-lumen tubes involves the use of a fibreoptic
bronchoscope to visualise directly the endobronchial cuff and its relation to the carina [24].
If there is a clinical preference to avoid bronchoscopy, it is possible to perform clinical
confirmation of double-lumen positioning, thereby avoiding disconnection of the breathing
circuit [25]. Following intubation with a left sided double-lumen tube, clinical confirmation
should start with no clamp applied and bilateral air entry confirmed with manual ventilation.
The bronchial cuff should then be inflated. If there is isolated left sided air entry with manual
ventilation it suggests the tracheal tube has advanced too far into the left main bronchus. To
rectify this the tracheal tube should be slowly withdrawn with the bronchial cuff inflated
until bilateral air entry returns. Isolated right sided air entry suggests a right main bronchial
intubation. This will be corrected most efficiently using a bronchoscope, which minimises
aerosol generation as compared with other methods.

Once bilateral air entry is achieved following manual ventilation, a clamp should be applied
to the angle piece supplying the tracheal lumen. If the DLT is correctly positioned, there
should be left sided air entry only. If bilateral ventilation continues then distal end of
tracheal tube or the bronchial cuff are above the carina. Deflate only the bronchial cuff and
advance the tracheal tube until there is resistance. Re-inflate the bronchial cuff and repeat
the steps above. If there is resistance to advancing the tracheal tube or if it is still not
possible to confirm correct placement clinically, then bronchoscopy will be required to
troubleshoot placement. Once the tracheal tube is correctly placed, the patient should be
positioned for surgery. This checking process should be repeated after positioning laterally
to ensure the tracheal tube position has not changed.

During the COVID-19 pandemic, it may appear advantageous to avoid the aerosol generating
potential of bronchoscopy in favour of clinical confirmation. As a technique, clinical
confirmation has the disadvantage of poor sensitivity and specificity. A bronchoscopic study
involving clinical confirmation of double-lumen tubes by the intubating anaesthetist found
up to 39.5% were malpositioned [1,25]. If clinical confirmation of double-lumen tube
position is used, bronchoscopy must be available. If there is any concern that the double-



lumen tube is not in the optimum position for lung isolation, immediate bronchoscopy is
essential to rectify this.

We believe that if the necessary preparations are made and the steps below followed,
bronchoscopy can be performed with minimal risk and will provide the most reliable means
of confirming and troubleshooting tracheal tube placement, ensuring safety for the both
patient and healthcare professionals.

Flexible bronchoscopy

The patient should be pre-oxygenated and the flexible bronchoscope prepared and ready for
immediate use. The risk of aerosol generation will be extremely high if attempts are made to
perform bronchoscopy while actively ventilating the patient or if the patient has inadequate
neuromuscular blockade. Deep neuromuscular blockade should be confirmed by the use of a
peripheral nerve stimulator [5]. The adjustable pressure-limiting valve should be set to zero
centimetres of water i.e. fully open and ventilation should be discontinued. These measures
should be completed prior to clamping the tracheal lumen of the double-lumen tube and the
angle piece connected to tracheal lumen (Fig. 1a). This ensures the angle piece can be
disconnected without aerosol generation (Fig. 1b). A HEPA viral filter can be applied to the
tracheal lumen (Fig. 1c) and the clamp from tracheal lumen on the double-lumen tube
removed to release pressure from the lung through the HEPA viral filter (Fig. 1d). This should
only require a few seconds to complete. The HEPA viral filter can be removed and
bronchoscopy performed to confirm tracheal tube placement, orientation of the bronchial
cuff and right sided anatomy (Fig. 1e). The bronchial cuff can then be inflated under direct
vision. The angle piece can be reconnected and the remaining clamp removed to ventilate
both lungs. This process can be repeated on the bronchial lumen to allow bronchoscopic
confirmation that the distal end of bronchial lumen is above the left main bronchus
bifurcation. Once the patient is positioned for surgery, the process should be repeated to
ensure satisfactory placement. Once bronchoscopy is completed, the bronchoscope should
be placed in its designated area and only used by a single operator. Following each use, the
operator should dispose of their outer gloves and perform hand hygiene [12, 26].

Troubleshooting tracheal tube malposition

Following tracheal intubation, a left sided double-lumen tube may inadvertently be placed in
the right main bronchus. This is estimated to occur in 4.2% of cases, with an increased
likelihood in shorter patients, females and when using smaller sized double-lumen tubes
[27]. We believe this is best managed with expedient bronchoscopy, as it will ensure the
double-lumen tube is placed in the correct position whilst minimising aerosol generation and
contamination. As with all airway recommendations outlined in this guidance, the patient
should have deep neuromuscular blockade, be thoroughly pre-oxygenated, the adjustable
pressure-limiting valve should be open and positive pressure ventilation discontinued.
Whilst troubleshooting, the tracheal cuff should remain inflated throughout to ensure there
is no leak generated whilst the tracheal tube is manipulated. It will also serve as a brake at
the level of the vocal cords to minimise the risk of inadvertent extubation.

First, the bronchial cuff should be deflated, the bronchial lumen and arm of the angle piece
connected to the bronchial lumen clamped. This will ensure disconnection of this arm can be
undertaken without pollution. A HEPA viral filter is applied to the bronchial lumen and the
clamp removed from the bronchial lumen to release positive pressure to from the lung
through the HEPA viral filter. This should only require a few seconds to complete. The HEPA
viral filter can be removed and the bronchoscope inserted to the distal end of the bronchial
lumen. This should reveal the terminal bifurcation of bronchus intermedius into the right



middle and lower lobe bronchi. The double-lumen tube can be withdrawn under direct
bronchoscopic vision until the carina is visible, then the bronchoscope guided down the left
main bronchus. The double-lumen tube is railroaded over the bronchoscope and the distal
end of the bronchial lumen confirmed to be above the upper and lower lobe bifurcation. The
bronchoscope is withdrawn, the angle piece reconnected, the clamp removed and positive
pressure ventilation resumed. Bilateral ventilation should be confirmed prior to using the
previous steps for safe bronchoscopy to visualise the right main bronchus to confirm correct
double-lumen tube placement, and inflation of the bronchial cuff under direct vision.

Double-lumen tubes with an integrated camera

Double lumen tubes with an embedded light source and camera have been developed to
provide continuous monitoring of the double-lumen tube position relative to the carina.
Once correctly sited, they may reduce the incidence of bronchoscopy for double-lumen tube
adjustments and the risk of exposure during lung isolation [28]. A bronchoscope may still be
required if excessive secretions are encountered or if visualisation is required to aid surgical
progress, for example if there is anatomical variation [1]. If the operator is familiar with the
use of this equipment, they should conform to their normal practice. The principles of
minimising the risk from aerosol generation during lung isolation are the same for these
double-lumen tubes as for the standard double-lumen tube described above.

Lung isolation

The main threat of environmental contamination, once the airway is secured and surgery
underway, is disconnection of the lumen of the non-dependent lung. This can be mitigated
against by allowing the lung to deflate through a HEPA viral filter. Furthermore, continued
application of a HEPA viral filter to the open lumen will protect against any peri-operative
loss of lung isolation where a leak of any ventilated gas into the open lumen would
otherwise cause environmental pollution and contamination. The patient should be
positioned, surgery commenced and lung isolation imminently required. Neuromuscular
blockade should be adequate; the adjustable pressure-limiting open and ventilation
discontinued before the application of clamps to the surgical lumen of the double-lumen
tube and the arm of angle piece serving this lumen. The arm of the angle piece should be
disconnected and a HEPA viral filter applied to surgical lumen of double-lumen tube. The
clamp is then removed from the surgical lumen of the double-lumen tube to facilitate
collapse of the non-dependent lung through the HEPA viral filter (Fig. 1d).

Management of hypoxia during one-lung ventilation

For the purpose of these recommendations, it is assumed that all other measures to address
hypoxia have been considered and the diagnosis is that of shunt driven hypoxia. Whilst two
lung ventilation is always the default position for critical hypoxia during one-lung ventilation,
shunt driven hypoxia can often be overcome by administering oxygen to the non-dependent
lung. [29] The simplest method of administering oxygen to the operative lung is via
insufflation through a suction catheter down the open lumen of the double-lumen tube [30].
This nevertheless carries an unacceptable risk of aerosol generation. Instead, the method
recommended involves the use of a continuous positive airway pressure (CPAP) circuit with
a HEPA viral filter (Fig. 2a and 2b). As with normal practice, CPAP should be titrated until
there is clinical improvement.

Continuous positive airway pressure

If a dedicated CPAP circuit is unavailable, it may be possible to safely generate CPAP to the
non-dependent lung. The patient should have adequate neuromuscular blockade, the fresh
gas flows increased and the fraction of inspired oxygen increased to 1.0. The HEPA viral filter



in place on the surgical lumen should be removed and the angle piece reconnected. The
clamp on the surgical lumen of the angle piece should remain in situ (Fig. 3a). Positive
pressure ventilation should be discontinued and the adjustable pressure-limiting valve
should be open. The clamp from the angle piece to the surgical lumen should now be
removed and applied to the angle piece supplying the dependent lung. (Fig. 3b). The CPAP
should be increased to the desired level using the adjustable pressure-limiting valve. When
airway pressure in the non-dependent lung has reached equilibrium, a second clamp to the
surgical lumen of the double-lumen tube should be applied. This will trap 100% oxygen at
the desired pressure within the non-dependent lung. Remove the clamp from the
dependent lung and resume positive pressure ventilation at the previous fraction of inspired
oxygen (Fig. 3c). A recruitment manoeuvre can be performed as required. It may be
necessary to repeat this process at regular intervals to maintain CPAP within the non-
dependent lung.

Tracheal extubation

Specific COVID-19 extubation guidance features in recently published consensus guidelines
for managing the airway in patients with COVID-19 [5]. We advocate that these guidelines
should be followed with specific adaptions for use with a double-lumen tube. A double-
lumen tube is a larger diameter tube, more prone to causing coughing, bronchospasm and
biting, all with a high risk of aerosol generation [31,32]. The comorbidities of thoracic
surgical patients also lead to more reactive airways and more copious secretions. Deep
extubation may appear attractive but has specific risks which may necessitate additional
airway adjuncts or manoeuvres, which increases the risk of aerosol generation [33].

Only essential staff wearing appropriate personal protective equipment for the patient risk
group should be present in theatre for extubation. Oropharyngeal and bronchial suction
should be performed prior to reversal of neuromuscular blockade. The tracheal tube should
not be suctioned at the point of extubation, as this can precipitate coughing. The patient
should be positioned in an upright position on a bed or trolley with full reversal of
neuromuscular blockade confirmed. They should be breathing spontaneously with no
pressure support and the adjustable pressure-limiting valve open. A clinical waste bin should
be placed beside the patient for immediate disposal of the removed tube. The circuit should
be disconnected, leaving the HEPA viral filter and angle piece attached to the tracheal tube.
A Hudson mask should be applied immediately. This will avoid changing the facemask at a
time when the patient is potentially coughing. Apply a surgical facemask over the Hudson
mask. This will cover the entrainment vents on the mask and reduce the risk of
contamination from coughing. Wait for twenty minutes following extubation before
transferring the patient from theatre.

Conclusion

The management of thoracic surgical patients during the COVID-19 pandemic requires
modifications to normal practice. The risk from aerosol generating procedures must be
reduced wherever possible to ensure the safety of staff. We have provided clinical practice
recommendations for techniques, which if applied will limit the potential for aerosol
generation associated with lung isolation and thoracic surgery.

Acknowledgements
No external funding and no competing interests.



References

1.

10.

11.

12.

13.

14.

15.

16.

Falzon D, Alston P, Coley E, Montgomery K. Lung isolation for thoracic surgery: from
inception to evidence-based. Journal of Cardiothoracic and Vascular Anesthesia. 2017;
31: 678-693.

McCall P, Steven M, Shelley B. Anaesthesia for video-assisted and robotic thoracic
surgery. British Journal of Anaesthesia: Education. 2019; 19: 405-41.

Wang W, Xu 'Y, Gao R, et al. Detection of sars-cov-2 in different types of clinical
specimens. Journal of the American Medical Association. 2020. EPub 11 March.
doi:10.1001/jama.2020.3786

Public Health England. COVID-19 personal protective equipment (PPE).
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-
prevention-and-control/covid-19-personal-protective-equipment-ppe (accessed
13/04/2020)

Cook TM, El-Boghdadly K, McGuire B, et al. Consensus guidelines for managing the
airway in patients with COVID-19. Anaesthesia. 2020. EPub 27 March.
doi:10.1111/anae.15054

Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus
disease 2019 (COVID-19) outbreak in china: summary of a report of 72 314 cases from
the Chinese Center for Disease Control and Prevention. Journal of the American Medical
Association. 2020; 323: 1239-1242.

Walls AC, Park YJ, Tortorici A, et al. Structure, function, and antigenicity of the SARS-CoV-
2 spike glycoprotein. Cell. 2020; 181: 281-292.

Public Health England. Transmission characteristics and principles of infection
prevention and control. https://www.gov.uk/government/publications/wuhan-novel-
coronavirus-infection-prevention-and-control/transmission-characteristics-and-
principles-of-infection-prevention-and-control (accessed 13/04/2020)

Chang D, Xu H, Rebaza A, et al. Protecting health-care workers from subclinical
coronavirus infection. The Lancet Respiratory Medicine. 2020; 8: e13

Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in upper respiratory specimens of
infected patients. The New England Journal of Medicine. 2020; 382: 1177-1179.

NHS England. Clinical guide for the management of essential cancer surgery for adults
during the coronavirus pandemic. https://www.england.nhs.uk/coronavirus/wp-
content/uploads/sites/52/2020/04/C0239-Specialty-guide-Essential-Cancer-surgery-and-
coronavirus-v1-70420.pdf (accessed 13/04/2020)

Li W, Huang J, Guo X, et al. Anesthesia management and perioperative infection control
in patients with the novel coronavirus. Journal of Cardiothoracic and Vascular
Anesthesia. 2020. EPub 29 March. doi.org/10.1053/j.jvca.2020.03.035.

Tran K, Cimon K, Severn M, et al. Aerosol generating procedures and risk of transmission
of acute respiratory infections to healthcare workers: a systematic review. PLoS One.
2012; 7: e35797

Koo A, Walsh R, Knutson T, et al. Comparison of intubation using personal protective
equipment and standard uniform in simulated cadaveric models. Military Medicine.
2018; 183: 216-218.

Meng L, Qiu H, Wan L, et al. Intubation and ventilation amid the COVID-19 outbreak:
Wuhan’s experience. Anesthesiology. 2020. EPub 26 March
doi.org/10.1097/ALN.0000000000003296

Shelley B, Macfie A, Kinsella J. Anesthesia for thoracic surgery: a survey of UK practice.
Journal of Cardiothoracic and Vascular Anesthesia. 2011; 25: 1014-1017.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wilkes A.R. Heat and moisture exchangers and breathing system filters: their use in
anaesthesia and intensive care. Part 1 — history, principles and efficiency. Anaesthesia.
2010; 66: 31-39.

Wilkes A.R. Heat and moisture exchangers and breathing system filters: their use in
anaesthesia and intensive care. Part 2 — practical use, including problems, and their use
with paediatric patients. Anaesthesia. 2010; 66: 40-51

Turnbull D, Fisher PC, Mills GH, Morgan-Hughes NJ. Performance of breathing filters
under wet conditions: a laboratory evaluation. British Journal of Anaesthesia. 2005; 94,
675 - 682

Lawes EG. Hidden hazards and dangers associated with the use of HME/filters in
breathing circuits. Their effect on toxic metabolite production, pulse oximetry and
airway resistance. British Journal of Anaesthesia. 2003; 91: 249-264.

McNulty G, Eyre L. Humidification in anaesthesia and critical care. BJA Education. 2015;
15: 131-135

Anaesthesia Patient Safety Foundation. FAQ on anesthesia machine use, protection, and
decontamination during the covid-19 pandemic, 2020. www.apsf.org/faq-on-
anesthesia-machine-use-protection-and-decontamination-during-the-covid-
19-pandemic (accessed 26/04/2020)

Fehr AR, Perlman S. Coronaviruses: an overview of their replication and
pathogenesis. In: Maier H, Bickerton E, Britton P. Coronaviruses. Methods in
Molecular Biology. New Yourk; Humana Press, 2015: 1-23.

Sligner P. Con: the new bronchial blockers are not preferable to double-lumen tubes for
lung isolation. Journal of Cardiothoracic and Vascular Anesthesia. 2008; 22: 925-929.
Klein U, Karzai W, Bloos F, et al. Role of fiberoptic bronchoscopy in conjunction with the
use of double-lumen tubes for thoracic anesthesia: a prospective study. Anesthesiology.
1998; 88: 346-350.

Lentz RJ, Colt H. Summarizing societal guidelines regarding bronchoscopy during the
COVID-19 pandemic. Respirology. 2020, EPub 11 April. doi.org/10.1111/resp.13824
Seo J, Bae J, Kim HJ. et al. Misplacement of left-sided double-lumen tubes into the right
mainstem bronchus: incidence, risk factors and blind repositioning techniques. BMC
Anesthesiology. 2015; 15: 157

Templeton T, Morris B, Royster R. The video double-lumen endobronchial tube: is the
benefit worth the cost? Journal of Cardiothoracic and Vascular Anesthesia. 2018; 32: 275
—-276

Rozé H, Lafargue M, Quattara. Case scenario: management of intraoperative hypoxemia
during one-lung ventilation. Anesthesiology 2011; 114: 167-174.

Jung DM, Ahn HJ, Jung SH, et al. Apnoeic oxygen insufflation decreases the incidence of
hypoxemia during one-lung ventilation in open and thoracoscopic pulmonary
lobectomy: a randomized controlled trial. The Journal of Thoracic and Cardiovascular
Surgery. 2017; 154; 360-366.

Jeon J, Lee K, Ahn G. Comparison of postoperative sore throat and hoarseness between
two types of double-lumen endobronchial tubes: a randomized controlled trial. Journal
of Cardiothoracic and Vascular Anesthesia. 2015; 29: 121-125

Park SH, Han SH, Do SH, et al. Prophylactic dexamethasone decreases the incidence of
sore throat and hoarseness after tracheal extubation with a double-lumen
endobronchial tube. Anesthesia and Analgesia. 2008; 107: 1814-1818.

Mitchell V, Dravid R, Patel A, et al. Difficult Airway Society guidelines for the
management of tracheal extubation. Anaesthesia. 2012; 67: 318-340.



Tables

Table 1 Advantages and disadvantages of single lumen endobronchial intubation, bronchial

blockers and double lumen endobronchial intubation for lung isolation during the COVID-19
pandemic.
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Method

Advantages

Disadvantages

Single Lumen
Tube

e Simplicity and familiarity

* Rapid, efficient intubation

* Potentially less trauma

* Can be checked clinically without a flexible bronchoscope

* No requirement for tracheal tube exchange for ongoing
postoperative positive pressure ventilation

*  Option of adding a bronchial blocker

* Theisolated non-dependent lung will expel air passively, bypassing
the tracheal tube and polluting the environment

* No access to the non-dependent lung during isolation for
bronchoscopy, suction or continuous positive airway pressure

* Unpredictable collapse of the non-dependent lung

*  Occlusion with failure to ventilate the right upper lobe when sited in
right main bronchus

* Bronchoscopy likely to still be required to railroad and site tracheal
tube in the bronchus especially when targeting the left main

bronchus
Bronchial * Sited through a single lumen tube e Absolute requirement for bronchoscopy to confirm correct
Blocker * Can be used in an existing tracheal tube when taking a placement

patient with a tracheal tube in situ to theatre.

The minimum tracheal tube size for a 9.0 Fr bronchial
blocker is 8.0 mm.

* High volume, low pressure cuff provides a less reliable seal than a
double-lumen tube

* Higherincidence of intra-operative displacement and the need for
repositioning, requiring bronchoscopy

*  Blocker remains open to air during lung collapse with continuous
environmental pollution

* No access to the non-dependent lung during lung isolation

* Limited ability to suction or apply continuous positive airway
pressure to the non-dependent lung during lung isolation

Double Lumen
Tube

* The most efficient method in experienced hands

* Repositioning rarely required (left more so than right)

* Access to the non-dependent lung throughout for
bronchoscopy, suction or continuous positive airway
pressure

* Can be placed without bronchoscopy

* Bronchoscopy is required throughout the case

* The lumen to the non-dependent lung is opened to facilitate
collapse. There is direct environmental pollution of alveolar air

* Placement can be traumatic

* Larger sizes cause problems in the difficult airway potentially
requiring airway manipulation and multiple attempts

* Too bulky for continued/long-term ventilation requiring exchange to
single-lumen tube at end of surgery in patients needing ongoing
ventilation

*  More difficult in rapid sequence intubation leading to prolonged
intubation and/or multiple attempts
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Legends for Figures

Figure 1 Manikin images demonstrating: (a) Clamp applied to tracheal lumen of angle piece
and double lumen tube; (b) Disconnection without pollution; (c) Apply HEPA viral filter to
tracheal lumen; (d) Remove clamp to allow pressure from lung to vent through HEPA viral
filter; and (e) Remove HEPA viral filter and perform bronchoscopy.

Figure 2 Manikin images demonstrating: (a) HEPA viral filter in place on surgical lumen of
double lumen tube; and (b) Continuous positive airway pressure (CPAP) circuit safely
applied.

Figure 3 Manikin images demonstrating: (a ) Clamp applied to surgical lumen angle piece.
Angle piece connected to double lumen tube; (b) Clamp removed from surgical lumen angle
piece and applied to non surgical lumen; and (c) Following application of CPAP clamp applied
to surgical lumen of double lumen tube to maintain pressure.
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